Background: Acute minor stroke (AMS) is one kind of hypoxic ischemic necrosis with no more than 4 National Institutes of Health Stroke Scale (NIHSS) score. However, the early diagnosis of AMS is tough for lack of effective molecular markers. Recently, many long noncoding RNAs (lncRNAs) associated with AMS have been gradually revealed. Here, we aim to find the potential biomarkers of lncRNAs in exosomes isolated from blood serum of patients with AMS for early detection. Methods: RNA-seq technique, KEGG pathway analysis and GO enrichment analysis were used in this study. Besides, reverse transcription real-time quantitative polymerase chain reaction (RT-qPCR) was used to validate expression levels of four of eleven differentially expressed lncRNAs (lnc-CRKL-2, lnc-NTRK3-4, RPS6KA2-AS1 and lnc-CALM1-7) involved in the neurotrophin signaling pathway. Results: The expression levels of lnc-CRKL-2 (mean value 48, standard deviation 4.583, P = 0.003) and lnc-NTRK3-4 (mean value 32.3, standard deviation 2.08, P = 0.001) were increased significantly in AMS patients, while the expression levels of RPS6KA2-AS1 (mean value −118.7, standard deviation 7.09, P = 0.001) and lnc-CALM1-7 (mean value −148.7, standard deviation 6.10, P = 0.001) were decreased dramatically. Conclusion: In conclusion, these four new revealed lncRNAs may be used as novel joint biomarkers for the early detection of AMS.
Introduction
Acute stroke is a serious complication of cerebral vascular disease with a low occurrence of disability, which has been traditionally defined as NIHSS score with no more than 4. 1, 2 According to the increasing number of stroke patients, this disease becomes a severe public health concern owing to the first leading cause of mortality and disability. 3, 4 Furthermore, previous evidence have suggested that a number of severe major stroke patients suffer a stroke attack followed by initial minor stroke within the first few hours or days. 5 The images of CT scan for acute minor stroke (AMS) are mostly normal and MR examination is expensive and timeconsuming. At present, the diagnosis of minor stroke within 24-hr duration mainly relies on symptoms and signs. Hence, early detection, diagnosis and intervention are of great value for AMS patients.
Recently, lots of studies have shown that exosomes may function as intercellular communicators in the human body. 6, 7 Exosomes are considered as "cell dust" in the past while new studies show that many stable circulating potential biomarkers exist in exosomes. 8 These potential biomarkers include DNAs, 9 mRNAs/non-coding RNAs and proteins. 11 The potential clinical application of exosomes is tremendously extensive. 12, 13 Exosomes isolated from disease-related biological samples were widely studied in order to improve diagnostic accuracy, especially in cancer, neurodegenerative diseases and acute organ injury. 14 In neurodegenerative diseases, exosomes have been proven to possess potential diagnostic value in Alzheimer's disease and Parkinson's disease. 15, 16 However, no study demonstrates the potential value of exosomes in stroke disease. Exosomes contain nucleic acid which major forms are RNAs. 17 Studies have demonstrated that RNAs could be transferred to recipient cells and maintain their biological functions. 18 Long non-coding RNAs (lncRNAs) are one kind of RNAs that are proven to exist in exosomes.
14 LncRNAs mediate several vital pathways in the progression of stroke. 19, 20 For example, lncRNA SNHG14 can promote microglia activation through regulating miR-145-5P/PLA2G4A in stroke. 21 In addition, lncRNA MALAT1
regulates cerebrovascular pathologies and neuronal cell death in stroke. 22, 23 Thus, lncRNAs may be potential molecules for the detection of stroke.
In this study, we used the RNA-seq technique to illustrate the lncRNA expression profiles in exosomes isolated from the blood serum of patients with AMS and healthy controls (HCs). And we explored the roles of lncRNAs in AMS using bioinformatics method and we validated the expression of four of the eleven lncRNAs (lnc-CRKL-2, lnc-NTRK3-4, RPS6KA2-AS1, lnc-CALM1-7) involved in neurotrophin signaling pathway through RT-qPCR. Thus, the new four lncRNAs might be utilized as potential circulating biomarkers of AMS for clinical early diagnosis.
Methods

Sample Collection
One hundred patients with acute minor stroke (AMS) and one hundred healthy controls were recruited from May 2014 to November 2018 of Peking University Shenzhen Hospital. All patients with AMS symptoms within 24 hrs have no any treatment before obtaining blood samples. AMS was diagnosed by an acute neurological impairment persistently for NIHSS≤4, also by a lesion on diffusion-weighted magnetic resonance subsequently. AMS patients and HCs were excluded from a medical history of cardiovascular/cerebrovascular diseases, chronic kidney/liver diseases, active malignant disease and inflammatory diseases.
Vacuum blood collection tubes were used to collect about 15 mL blood from AMS patients or HCs. The serum was isolated using centrifuge and then used for exosomes extraction. Informed consent was obtained from all patients or HCs and this study protocol was approved by the ethics committee of Shenzhen University General Hospital and Peking University Shenzhen Hospital. Written informed consents from the patients and healthy controls were signed, and this study was conducted in accordance with the Declaration of Helsinki.
Exosomes Extraction
ExoQuick-TCTM Exosome Precipitation Solution kit (System Bioscience, Mountain View, CA) was used for exosome extraction following the manual's instructions: Collect 250μL serum from patients or healthy controls and centrifuge at 3000 × g for 15 min to remove cells and cell debris. Then, transfer the supernatant to a sterile vessel and add 63μL ExoQuick Exosome Precipitation Solution to it, and refrigerate for 12 hrs. The next day, centrifuge ExoQuick/serum mixture at 1500 × g for 30 min. After centrifugation, the exosomes were deposited at the bottom of the vessel. Spin-down residual ExoQuick solution by centrifugation at 1500 × g for 5 min. Remove all traces of fluid by aspiration. Resuspend exosome pellet in 1/10 to 1/100 of original volume using sterile Phosphate Buffered Saline (PBS) and aliquot in cryogenic vials and store at −80°C for forthcoming experiments.
Western Blot Analysis
CD63 and Tsg101 were regarded as biomarkers in exosomes 24 and detected by Western blot analysis. The protein concentration was measured by the bicinchoninic acid (BCA) quantification assay (Pierce Biotechnology, Rockford, IL, USA). Equal amounts of whole protein extract were electrophoresed on SDS-polyacrylamide gels and transferred to polyvinylidene difluoride membranes using a semidry transfer cell (Bio-Rad Laboratories, Hercules, CA, USA). The membranes were incubated overnight with specific primary antibodies against CD63 (1:1000; Abcam, USA), Tsg101 (1:1000; Abcam, USA) and GAPDH (1:1000; Abcam, USA) after blocked with 5% nonfat dry milk. Horseradish peroxidase-conjugated secondary antibody (Amersham, Arlington Heights, IL) was used to incubate the blot for 1 hr at room temperature on a rocking platform. Finally, super signal chemiluminescence reagents (Thermo Fisher Scientific, Inc., Massachusetts, USA) was used to detect signal intensities.
RNA-Seq Analysis
ExoRNeasy Serum/Plasma Maxi Kit (Qiagen, Hilden, Germany) was used to extract total RNA from exosomes. Three healthy controls and three stroke patients were selected randomly for RNA-seq analysis. The VAHTS Toal RNA-seq (H/M/R) Libray Prep Kit for Illumina (Vazyme, Nanjing, China) was used to prepare strandspecific RNA-seq libraries. Other flow paths were similar to a previous study. 25 
Identification of Differentially Expressed lncRNAs
The reads were first mapped to the latest UCSC transcript set using Bowtie2 version 2.1.0
26
, and for lncRNA expression analysis, we used the transcripts set form Lncipedia (http:// www.lncipedia.org). TMM (trimmed mean of M-values) was used to normalize the gene expression. Differentially expressed lncRNAs were identified using the edgeR program (version 3.3.2). 27 LncRNAs showing altered expression with P < 0.05 and more than 1.5-fold changes were considered differentially expressed.
Pathway Analysis of lncRNAs
The canonical pathway analysis was performed using Ingenuity Pathway Analysis (IPA). IPA computes scores for each network according to the fit of the set of supplied focus lncRNAs. These scores indicate the likelihood of focus genes that belong to a network versus those obtained by chance. A score >2 indicates a focus gene network was not generated by chance alone.
RNA Extraction and RT-qPCR
The TRIzol reagent (Invitrogen, Grand Island, NY, USA) was used to extract total RNA from exosomes isolated from one hundred AMS patients and one hundred HCs according to the manufacturer's protocol. PrimeScript RT Reagent Kit with gDNA Eraser (Takara, Dalian, China) was employed to synthesize the cDNA from total RNA. We validated the expression of the selected lncRNAs (lnc-CRKL-2, lnc-NTRK3-4, RPS6KA2-AS1, lnc-CALM1-7) associated with neurotrophin signaling pathway by RTqPCR on the Roche LightCycler 480 Real-Time PCR System. GAPDH was used as the endogenous control to normalize the data. The comparative 2 −ΔΔCT method was used to analyze the relative expression of these genes. All of the experiments were performed at least three times. 
Data Analysis
Results
Clinical Characteristics of AMS Patients
Totally, 200 participants (100 AMS patients and 100 HCs) were enrolled and their serum samples were collected. Table 1 shows that the baseline characteristics were no significant difference between AMS patients and HCs. Clinical characteristics of three AMS patients and three HCs which were chosen randomly for RNA-seq study were also shown no obviously difference (data not shown). Figure 1 Western blot results demonstrate the expression of CD63 and Tsg101 in exosomes isolated from the serum of patients with acute minor stroke and healthy controls.
Validation of Exosomes Isolated from Patients or HCs
In order to certify the exosomes extracted from serum, we detected the expression of exosomal markers CD63 and Tsg101 that only exist in exosomes 24 through Western blot analysis. As shown in Figure 1 , CD63 and Tsg101 were all expressed in three patients or healthy controls. The result indicated that exosomes were isolated successfully and the extracts were suitable for the below experiments.
Identification of Differentially Expressed lncRNAs
RNA-seq technique was used to detect differentially expressed lncRNAs in exosomes between the above selected 3 AMS patients and healthy controls. All 6733 lncRNAs detected between healthy controls and AMS patients were shown in Supplementary material 1. Heatmap of differential lncRNA expression was shown in Figure 2A . The results indicated that the expression levels of most lncRNAs in exosomes were down-regulated in AMS patients. Besides, the expression levels of 1096 lncRNAs changed with a P-value less than 0.05 (P < 0.05), including 307 upregulated lncRNAs and 789 downregulated lncRNAs ( Figure 2B ), and these differentially expressed lncRNAs were also listed in Supplementary material 1. Table 2 is the summary of the top 20 differentially expressed lncRNAs.
Analysis of Different lncRNAs That Involved in Signaling Pathways and Diseases
Most differentially expressed lncRNAs involved in focal adhesion, thyroid hormone signaling pathway, FOXO signaling pathway, autophagy, neurotrophin signaling pathway, and so on ( Figure 2C-F) . Neurotrophins have been shown to control many aspects of survival, development and function of neurons in nervous systems and may be novel targets for the design of stroke therapies. 28, 29 Thus, we will focus on neurotrophin signaling pathway in this study. In particular, eleven differentially expressed lncRNAs involved in neurotrophin signaling pathway ( Figure 2C ) are listed in Table 3 . We chose two most upregulated lncRNAs (lnc-CRKL-2, lnc-NTRK3-4) and two most down-regulated lncRNAs (RPS6KA2-AS1, lnc-CALM1-7) as the potential biomarkers for the diagnosis of AMS in the next RT-qPCR validation.
Validation for the Expression of lncRNAs
Data of RT-qPCR showed that the expression levels of lnc-CRKL-2 and lnc-NTRK3-4 ( Figure 3A and B, both P < 0.001) were significantly higher in exosomes from serum of patients with AMS than those from healthy controls. The expression of lncRNA RPS6KA2-AS1 was markedly decreased in AMS patients compared with healthy controls ( Figure 3C , P < 0.001). Besides, the expression of lnc-CALM1-7 was obviously downregulated and almost 100 times lower than that in healthy controls ( Figure 3D , P < 0.001).
Discussion
In In this study, we first reported the expression of lncRNAs in exosomes isolated from the serum of patients with minor stroke. Three healthy controls and three The expression levels of RPS6KA2-AS1 and lnc-CALM1-7 were obviously decreased in patients compared with healthy controls (Both P < 0.001). **represents P < 0.001.
patients with minor stroke were selected for RNA-seq analysis. We analyzed the lncRNA profile between exosomes from AMS patients and HCs. Results show that most differential expressed lncRNAs were downregulated in exosomes isolated from the patients' serum. KEGG pathway analysis and GO enrichment analysis further manifested that differential expressed lncRNAs involve in various signaling pathways, such as MAPK pathway, neurotrophin signaling pathway, and so on. In order to find potential biomarkers for stroke, we analysed lncRNAs significantly associated with stroke diseases. Studies show that neurotrophins control many aspects of survival, development and function of neurons in nervous systems and may be novel targets for the design of stroke therapies. 28, 29 In this study, eleven differentially expressed lncRNAs involved in neurotrophin signaling pathway and four important genes (two most up-regulated lncRNAs and two most down-regulated lncRNAs of these eleven lncRNAs) were chosen. The results of RT-qPCR validated that expression levels of lnc-CRKL-2 and lnc-NTRK3-4 were significantly increased. However, the expression levels of RPS6KA2-AS1 and lnc-CALM1-7 were obviously downregulated in exosomes in patients with acute minor patients compared with the HCs. In this study, we hope that we can use the conventional specimen such as blood for the diagnosis of AMS. According to a recent study, 35 researchers use Invitrogen Total Exosome Isolation Kits to isolate total exosomes from blood samples for less than 3 hrs. We will employ these Kits for the isolation of exosomes in our future work. Lots of differentially expressed lncRNAs were found in this study and we will try to investigate the possible mechanisms of these lncRNAs in AMS through bioinformatics analysis. Many studies have demonstrated that lncRNAs can bind to miRNAs and regulate gene expression indirectly. Recent studies reported that lncRNAs act as scaffolds for proteins to affect neural pathways. In the future, we will detect the expression of these lncRNAs in neural cells and investigate their possible mechanisms.
Our results revealed that IncRNAs may discriminate from AMS patients and healthy people. It is hard for both CT scan and MR examination to figure out lesion location of infarction in time in AMS patients within 24 hrs after onset. For these reasons, we considered IncRNAs might be kinds of ideal diagnostic biomarkers for acute minor stroke.
Conclusion
In summary, four lncRNAs (lnc-CRKL-2, lnc-NTRK3-4, RPS6KA2-AS1 and lnc-CALM1-7) were revealed through RNA-seq and verified by RT-qPCR in AMS patients. These four lncRNAs may provide a new method for the early detection of minor stroke patients within 24 hrs after onset.
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